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BEARING HAVING IMPROVED CONSUME
RESISTIVITY AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELAT
APPLICATION

s
w

This Application 1s a Section 371 National Stage Applica-
tion of International Application No. PCT/KR2007/0035828,
filed Nov. 20, 2007 and published as W0O2008/062987 on
May 29, 2008, in English.

FIELD OF THE DISCLOSUR.

(L]

The present invention relates to a bush-type bearing, which
1s fitted around a shait, and permits the fitted shaift to rotate
smoothly. More particularly, the present invention relates to a
wear-resistant bush-type bearing, which has high wear-resis-
tance and increases a lubrication cycle, and a method of
manufacturing the same.

BACKGROUND OF THE DISCLOSURE

In general, industrial machinery and construction machin-
ery have a plurality of shait rotating parts. Such a shatt rotat-
ing part 1s typically provided with a bush-type bearing, which
1s disposed between the shait and a hole for the shatit (shaft
hole) so as to reduce frictional resistance between the shaft
and the shaft hole.

Conventionally, as an example of such a bush-type bearing,
a brass-based or iron-based bearing was mainly used. In
recent days, the bush-type bearing has been sintered, and then
been impregnated with a lubricant. Thereby, the bush-type
bearing has been used as an oilless bearing, which can reduce
frictional resistance between the shait and the shait hole
without frequently feeding the lubricant.

In detail, bearing 1s mainly formed of an 1ron (Fe)-based or
copper (Cu)-based alloy. In the case in which a lubricant film
1s broken on sliding conditions of high contact pressure and
high temperature, so this bearing gives rise to burn-on due to
the friction with the shatt, the counterpart, formed of a Fe-
based alloy.

In order to solve this problem, an attempt 1s made to
impregnate the bearing with various lubricants. As one
example, 1n Korean Patent No. 0261369, a proposal 1s made
to 1mpregnate a bearing with a lubricant having viscosity
ranging from 260 ¢St to 950 cSt.

However, 1n the case i which this bearing 1s used on
conditions of high contact pressure and low speed, for
instance, high contact pressure from about 3 kgf/mm~ to
about 8 kef/mm? and low speed from about 1 cm/sec to about
S cm/sec, the viscosity of the lubricant becomes lowered
when the bearing and its surroundings are exposed to high
temperature due to frictional heat. As aresult, an intermetallic
contact occurs between the shait formed of Fe-based material
and the bearing formed of the same Fe-based material as the
shaft, so that frictional characteristics of the bearing are dete-
riorated.

In order to avoid this problem, the lubricant must be fre-
quently fed to the bearing. However, this causes another prob-
lem 1n that a lubrication cycle 1s shortened.

In this manner, the lubricant, with which the bearing 1s
impregnated, 1s easily deteriorated on the conditions of high
temperature and high contact pressure, thereby failing to
exert 1ts original function. In this state, 1t 1s natural that the
intermetallic contact occurs.
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However, as for an intermetallic wear behavior caused by
the intermetallic contact, intermetallic burn-on resulting from
high temperature caused by Iriction occurs together with
plastic deformation of metal resulting from the high contact
pressures Thus, the bearing as well as the counterpart, the
shaft, 1s subjected to abnormal wear, so that an entire system
of the shaft and the bearing 1s damaged.

SUMMARY

An embodiment of the present invention relates to a com-

position for a bearing, which comprises: on the basis of the

total weight thereot, 0.7 wt % to 10 wt % of nickel (N1); 0.01
wt % to 0.5 wt % of silicon (S1); 0.005 wt % to 0.4 wt % of
boron (B); 0.01 wt % to 1.0 wt % of carbon (C); 15 wt % to 25
wt % of copper (Cu); and the balance being Fe. According to
an embodiment of the present invention, the composition may
turther comprise 0.03 wt % to 1.5 wt % of chrome (Cr) on the
basis of the total weight thereof.

According to an embodiment of the present invention, the
bearing includes a bush-type bearing having a body with an
iner diameter part, into which a shaftt 1s rotatably fitted.

Here, the shaft applied to the bearing i1s not particularly
limited to its type. For example, the shaft can include a shatt
made of 1ron or steel.

Further, embodiments of the present invention provide a
bush-type bearing, which has a body with an inner diameter
part into which a shaft 1s rotatably fitted, and 1s formed by a

composition comprising: on the basis of the total weight
thereof, 0.7 wt % to 10 wt % of nickel (N1); 0.01 wt % to 0.5
wt % of silicon (S1); 0.005 wt % t0 0.4 wt % of boron (B); 0.01
wt % to 1.0 wt % of carbon (C); 15 wt % to 25 wt % of copper
(Cu); and the balance being Fe. According to an embodiment
ol the present invention, the bearing may be manufactured by
the composition further comprising 0.03 wt % to 1.5 wt % of
chrome (Cr) on the basis of the total weight thereof.

The bearing 1s preferably a sintered compact formed by
sintering the composition. According to an embodiment of
the present invention, the bearing may include pores within a
range from 15 vol % to 25 vol % on the basis of an entire
volume thereof. In the case in which the bearing 1s formed by
sintering, the bearing 1s advantageous to form the pores
therein.

In embodiments of the bearing of the present invention, a
lubricant 1s impregnated into the pores, and thus can reduce
unnecessary Iriction with the shait when the bearing 1s used.
According to an embodiment of the present imnvention, the
bearing may contain the lubricant ranging from 15 vol % to 25
vol % on the basis of an entire volume thereof.

There are no particular limitations on a type of the lubricant
applied to the bearing according to embodiments of the
present invention. Thus, 1t can be understood to those skilled
in the art that a proper lubricant can be selected and used as
necessary. It 1s natural that a commercially available lubricant
can be used.

According to an embodiment of the present invention, a
lubricant, which has kinematic viscosity within a range from
80 cStto 1000 ¢St and viscosity index within arange from 1350
to 280 at 40° C. can be used. More preferably, a lubricant
having kinematic viscosity within a range from 80 ¢St to 240
¢St and viscosity index within a range from 1350 to 280 at 40°
C. can be impregnated into the pores of the bearing.

Meanwhile, a variety of additives can be added to the
lubricant as necessary, so that the physical properties can be
improved so as to be suitable for specific conditions applied to
the bearing.
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According to an embodiment of the present invention, the
lubricant may further comprise at least one wear-resistant
extreme-pressure additive selected from the group consisting
ol zinc dithiophosphate, amine phosphate, dithiocarbamate,
sulfur compound, phosphorus compound, and boron com-
pound. The wear-resistant extreme pressure additive may be
added within a range from 0.1 wt % to 1.0 wt % on the basis
ol an entire weight of the bearing.

According to an embodiment of the present invention, the
lubricant may further comprise at least one solid lubricant
selected from the group consisting of graphite, molybdenum
disulfide (MoS,), polytetratluoroethylene (PTFE), and
Tetlon. The solid lubricant may be added within a range from
0.1 wt % to 2.0 wt % on the basis of an entire weight of the
bearing.

The bearing according to an embodiment of the present
invention can be advantageously applied to the shaft made of
iron or steel, because the bearing according to an embodiment
ol the present invention has excellent slidability with respect
to the member made of 1ron or steel.

Further, an embodiment of the present invention provides a
method of manufacturing a bush-type bearing, which com-
prises: a powder preparing step (S10) of preparing powders of
a composition for the bearing consisting of 0.7 wt % to 10
wt % of nickel (N1), 0.01 wt % to 0.5 wt % of silicon (S1),
0.005 wt % to 0.4 wt % of boron (B), 0.03 wt % to 1.5 wt %
of chrome (Cr), 0.01 wt % to 1.0 wt % of carbon (C), 15 wt %
to 25 wt % of copper (Cu), and the balance of Fe; a powder
mixing step (S20) of mixing the prepared powders; a pre-
form forming step (S30) of pressing the mixed powders to
form a bush-type bearing pre-form having an inner diameter
part into which a shaft 1s rotatably fitted; and a sintering step
(S40) of sintering the pre-form at a temperature from 1000°
C. to 1150° C. to form a sintered compact.

The bearing manufactured by the manufacturing method of
an embodiment of the present imvention using the disclosed
composition can maintain optimal friction characteristics
under high contact pressure. Thus, a bearing having excellent
wear resistance and long lubrication cycle can be provided.
Further, the use of the bearing of embodiments of the present
invention allows the shaft that 1s 1n contact with the bearing to
exert excellent wear resistance, and reduces the incompatibail-
ity to the counterpart, 1.¢. the shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view 1illustrating a wear resistant
bearing according to an embodiment of the present invention;

FIG. 2 1s a photograph 1llustrating the structure of a sin-
tered compact formed 1nto a wear resistant bearing according,
to an embodiment of the present invention; and

FI1G. 3 1s a flowchart illustrating a method of manufacturing
a wear resistant bearing according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(Ll

Hereinafter, a wear-resistant bearing according to an
embodiment of the present mvention will be described 1n
detail with reference to the accompanying drawings.
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Referring to FIG. 1, a wear resistant bearing 10 according,
to an embodiment of the present invention comprises a body
12 having an mnner diameter part 11 as a hole for a shatt 20.
The shatt 20 1s rotatably fitted into the inner diameter part 11
of the body 12.

The bearing body 12 1s formed of a composition for the
bearing according to embodiments of the mmvention. This
composition comprises iron (Fe) as a main material, copper
(Cu), nickel (N1), and carbon (C). The composition addition-
ally comprises boron (B) and silicon (51). According to one
example of the present invention, the composition further
comprises chrome (Cr). Each component of the composition
can be prepared in the form of powder. Thus, the bearing
according to embodiments of the invention can be manufac-
tured by forming the composition into the bearing body, and
then sintering the bearing body. In other words, the bearing
according to embodiments of the invention i1s preferably
formed as a sintered compact by sintering. After the sintering,
the bearing 1s press-fitted into the shait hole.

More specifically, the composition for the bearing accord-
ing to embodiments of the invention comprises, on the basis
of the total weight thereot, 0.7 wt % to 10 wt % of Ni, 0.01
wt % to 0.5 wt % of S1, 0.005 wt % to 0.4 wt % of B, 0.01
wt % to 1.0 wt % of C, 15 wt % to 25 wt % of Cu, and the
balance being Fe. The composition according to an example
ol the present invention further comprises 0.03 wt % to 1.5
wt % of Cr.

The bearing 10 can be obtained by preparing each compo-
nent of the composition for the bearing at a weight ratio, and
then forming and sintering the composition. The bearing of
embodiments of the present invention can maintain optimal
frictional characteristics under high temperature and high
contact pressure, so that 1t can have excellent wear-resistance
as well as excellent hardness compared to a conventional
bearing.

Among the components, N1 has excellent low friction char-
acteristics with respect to the Fe-based material, and thus can
improve the low friction characteristics of the bearing, which
causes Iriction with the shaft formed of Fe-based alloy or
steel. However, when the content of N1 1s less than 0.7 wt %,
the amount of Ni 1s not sufficient, and thus the low friction
characteristics are not satisfactory. Meanwhile, N1 has excel-
lent wettability with Fe, and when the content of Ni 1s more
than 10 wt %, 1t 1s difficult to form pores 1n the bearing due to
the wettability of N1 with the Fe-based matenial.

Silicon (S1) has an effect of lowering a melting point of the
composition of the bearing which i1s 1n the form of alloy
powder. For example, in the case of the composition of
embodiments of the present invention 1n which Ni having the
melting point of 1400° C. or more 1s used, the sintering
temperature 1s no alternative to be increased. As such, the
sintering has a possibility of consuming a large quantity of
energy. However, when S1 1s used within a range from 0.01
wt % to 0.5 wt %, the sintering temperature of the entire
composition can be reduced to 1150° C. or less. The sintering
temperature of 1150° C. 1s a temperature at which the sinter-
ing 1s possible 1n a commercial vacuum furnace. In the case of
the bearing composition ol embodiments of the present
invention, because S1 1s used, the sintering can be carried out
in the typical commercial vacuum furnace.

Boron (B) 1s a component that forms boride, as strength-
ening material, strengthening, particularly, hardness of the
sintered compact. When the content of B 1s less than 0.005
wt %, the boride 1s not properly formed. When the content of
B 1s more than 0.4 wt %, the material itself 1s subjected to
embrittlement, and thereby the contact pressure characteris-
tics of the final sintered compact are deteriorated. The com-
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ponent of B can be contained 1in the composition in the state of
a pure element. However, according to an example of the
present invention, the component of B can be added to the
composition 1n the state of a compound such as boron carbide
(B,C) or boron nitride (BN), which provides B by decompo-
sition 1n the sintering process.

Carbon (c) 1s an element that 1s added to the composition
tor the purpose of dissolving 1t into Fe to form solid-solution
and thus hardening Fe by means of, for instance, heat treat-
ment. When the content of C 15 less than 0.1 wt %, an effect of
solid-solution hardening caused by heat treatment, etc. 1s
insignificant. When the content of C 1s more than 1.0 wt %,
materials such as carbide, etc. are formed 1n the sintering
process, and thus causing the embrittlement of the matenial.

Cu 1s added to a sintered Fe-based alloy, thereby not only
acting as a binder of Fe powder but also serving to maintain
the low friction characteristics. When the content of Cu 1s less
than 15 wt %, the low friction characteristics are deteriorated.
When the content of Cu 1s more than 25 wt %, the hardness of
the sintered compact 1s lowered.

Cr 1s also a component that forms fine carbide. When the
content of Cr 1s less than 0.03 wt %, the formation of carbide
1s slight. When the content of Cr 1s more than 1.5 wt %, this
causes embrittlement of the material.

According to an example of the present mvention, the
bearing of an embodiment of the present invention 1s a sin-
tered compact formed by sintering the composition for the
bearing having such a component ratio.

An mternal structure of the bearing sintered compact
tformed by the sintering 1s photographed using an electron
microscope, which 1s shown in FIG. 2. As shown in FIG. 2, the
sintered compact 30 includes a N1—Fe alloy 31 formed of a
Ni-based material having excellent friction characteristics
with the Fe-based alloy that 1s a major material of the shaift as
the counterpart, boride 32 forming high hardness, and a plu-
rality of pores 33, and a Fe—Cu alloy 34. Here, the boride 32
1s formed 1n an acicular structure, 1s mainly grouped around
the pores 33, and 1s formed 1n the N1—Fe alloy 31.

The plurality of pores 33 formed 1n the sintered compact 30
act as spaces for impregnating a lubricants These pores are
formed 1n the process of sintering a powder pre-form. The
lubricant 1s impregnated into the pores 33, so that the bearing
can have a lubricating characteristic. A wear-resistant
extreme pressure additive can be added to this lubricant.
Further, this lubricant may further include a solid lubricant.
The wear-resistant extreme-pressure additive and the solid
lubricant can improve the lubricating characteristic of the
bearing.

According to an example of the present invention, the

bearing can have the pores within a range from 15 vol % to 25
vol % on the basis of an entire volume thereof. As a result, the

bearing can contain the lubricant ranging from 15 vol % to 25
vol % on the basis of an entire volume thereof.

When the pores are less than 15 vol % to the volume of
bearing sintered compact, 1t 1s difficult to impregnate the
lubricant for suflicient lubrication. When the pores are more
than 25 vol %, the strength of the bearing 1s lowered, so that
the bearing 1s subjected to plastic deformation when frictional
wear occurs, and thus can be damaged.

According to an example of the present invention, the
lubricant can be used under conditions: kinematic viscosity
having a range from 80 ¢St to 1,000 cSt, preferably a range
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from 80 ¢St to 240 cSt, at 40° C.; and viscosity index ranging
from 150 to 280. When the kinematic viscosity 1s less than 80
cSt, the lubricant 1s too sticky, and thus does not well tlow out
toward a Irictional surface when used. When the kinematic
viscosity 1s more than 1,000 cSt, the lubricant 1s too watery,
and thus does not well remain 1n the pores. Preferably, the
viscosity 1s 240 ¢St or less.

Meanwhile, 1n the bearing of an embodiment of the present
invention, the viscosity mndex of the lubricant impregnated

into the bearing can be increased. Thereby, although the bear-

ing 10 impregnated with the lubricant experiences sharp
increase 1n temperature while being used under extremely
severe conditions, for example, of high contact pressure of
about 3 kgf/mm~ to about 8 kgf/mm”>, and of low speed of
about 1 cm/sec to about 5 cm/sec, the lubricant can always

maintain constant viscosity.

Above all, 11 the lubricant does always maintain constant
viscosity under the condition of high temperature, the friction
characteristics and the wear resistant characteristics of the
bearing 10 will not be deteriorated 1n spite of sharp increase in
the temperature of the bearing 10. Further, since the lubricant

does always maintain constant viscosity under the condition
of high temperature, the lubricant can be not only prevented

from oozing from the pores 33 of the bearing 10 1n spite of
sharp increase in the temperature of the bearing 10, but also
impregnated nto the pores 33 again even 11 1t oozes tempo-
rarily. In this manner, if the lubricant does not ooze from the
pores 33 of the bearing 10, aretaining cycle of the lubricant 1s
prolonged, and thus a lubricating cycle of the lubricant can be
increased.

Meanwhile, the wear-resistant extreme pressure additive,
which can be used together with the lubricant, can function to
react with a metal surface to form a thin film. For example, as
the wear-resistant extreme pressure additive, at least one
selected from the group consisting of zinc dithiophosphate,
amine phosphate, dithiocarbamate, sulfur compound, phos-
phorus compound, and boron compound can be used.
According to an example of the present invention, the wear-
resistant extreme pressure additive can be added within a
range from 0.1 wt % to 1.0 wt % on the basis of an entire
weight of the bearing 10.

This wear-resistant extreme-pressure additive reacts with
the metal surface to form the thin film, and thus prevents the
shaft 20 from being 1n direct contact with the bearing 10. In
particular, the prevention of the direct contact between the
shaft 20 and the bearing 10 remarkably reduces the frictional

resistance between the shatt 20 and the bearing 10. The
remarkable reduction of the frictional resistance between the
shaft 20 and the bearing 10 improves wear-resistant perfor-
mance of the bearing 10.

Furthermore, the solid lubricant includes solid powder or
flaky solid type lubricant, which can perform lubrication by
means of iternal slip of a particle crystal 1tself, slip between
particles, slip with a frictional surface of the particle, and so
on. Examples of this solid lubricant include graphite, sulfide
based material such as molybdenum disulfide (MoS,), and
resin based material such as polytetrafluoroethylene (PTFE),
Tetlon, etc. This solid lubricant can be added within a range
from 0.1 wt % to 2.0 wt % on the basis of an entire weight of
the bearing 10.
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The method of manufacturing the bearing according to
embodiments of the present invention will be described with
reference to FIG. 3. First, as the composition for the bearing,
N1, S1, B, Cr, C, Cu and Fe components are prepared (S10).
These components can make use of powder type products that
are available from the market. The powders can be either pure
metal ones 1n which the respective components are made
independently, or alloy ones 1n which the components are
alloyed in whole or 1n part.

The powders prepared 1n this way are mixed using a wet or
dry mixing method (S20), and then a pre-form 1s formed by a
pressing process (S30). There 1s no special limitation on a
shape of the pre-form, and so the shape of the pre-form has

10

8

Kenolube™ based on stearic acid, and then pressed with a
pressure of 100 kg/cm®. Thereby, annular bush-type pre-
forms were formed. Subsequently, the pre-forms were sin-
tered under vacuum at a temperature from 1100° C. to 1400°
C. (see Table 3). Thereby, sintered compacts were manuiac-
tured.

At this time, before being sintered at a temperature from

1100° C. to 1400° C., samples of Embodiment 1 and Com-

parative Examples 1 to 6 are categorized into two groups, one
of which was subjected to heat treatment at 600° C., and the

other of which was not subjected to heat treatment.

TABLE 1
Component Fe (wt%) Cu(wt%) C(wt%) Ni(wt%) Cr(wt%) Si(wt%) B,C (wt%)
Embod. 1 72 20 1 5.5 1 0.3 0.2
Compar. 1 79 20 1 - - - -
Compar. 2 78 20 1 1 - - -
Compar. 3 74 20 1 S - - -
Compar. 4 09 20 1 10
Compar. 5 08.9 20 1 - 0.1 - -
Compar. 6 08 20 1 - 1 - -

only to be formed so as to be suitable for the shape of the
counterpart that performs sliding. For example, 1n the case 1in
which a bush-type bearing 1s manufactured, the pre-form can
be manufactured in the shape of an annular bush. At this time,
the pressed pressure can set to a range from 10 kg/cm” to 300
kg/cm?.

Subsequently, the pre-form is sintered under vacuum or 1n
air at a temperature from 1000° C. to 1150° C., and thereby a
sintered compact 1s manufactured (S40).

The bearing manufactured in the form of the sintered com-
pact by embodiments of the present invention is safe from the
plastic deformation and maintains the low friction character-
1stic, so that i1t can increase the lubrication cycle.

Meanwhile, the case in which the pure metal powders
made of the respective components of the composition for the
bearing are mixed, and the case 1n which the alloy powders
made of whole or some of the components are mixed, both
exert the same effects.

Further, even when the mter diameter part of the bearing
which 1s formed of a sintered compact and the outer diameter
part of the bearing which 1s formed of a Fe-based matrix are
bonded with each other, the same effects as the formers are
obtained because the part contacting the pin or the shaift 1s
made of the same sintered compact.

Hereinafter, embodiments of the present invention will be
described in greater detail through embodiments and com-
parative examples.

Embodiment 1 and Comparative Examples 1
Through 6

Powders having a composition listed in the following Table
1 were prepared, and mixed by a wet mixing method using
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Test Example 1

Friction Characteristic Test

Friction characteristics were tested on the bush-type bear-
ings manufactured in Embodiment 1 and Comparative
Examples 1 to 6. In the friction characteristic test, friction
coellicients of the bearings, 1n which shafts were mounted,
were measured using a dedicated test machine, and a time
which it took the friction coellicient to reach 0.3 or more was
set to a lubrication cycle. The friction characteristic test was
performed on one of the two groups of the Embodiment 1 and
Comparative Examples 1 to 6, 1.e. the group that was sub-
jected to heat treatment at 600° C.

As for detailed test conditions, first, the high contact pres-
sure was set to 10 kg/mm~, which was higher than common
value of 2 kg/mm~ to 5 kg/mm~ applied to an general bush.
The temperature was set to 150° C. or more, which was the

temperature when the viscosity of the lubricant becomes
deteriorated.

In this test, mineral o1l having kinematic viscosity of 221
¢St was used as the lubricant, zinc dithiophosphate was used
as the wear-resistant extreme-pressure additive, and molyb-
denum disulfide (MoS,) was used as the solid lubricant.

The test results are summarized 1n Table 2. Here, a fraction
of the lubricant 1s a fraction (vol %) based on the volume of
the bearing made of a sintered compact, and the other frac-
tions are fractions (wt %) based on the weight.
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Time Which It Takes Friction
Coeflicient to Reach 0.3 or More

(Lubrication Cycle, Hour)

TABLE 2
Lubricant Wear-resistant Extreme Solid
Impregnation Pressure Additive Lubricant
Type (vol %) (wt %) (wt %)
Embod. 1 None None None
Yes (25%) None None
Yes (15%) 1% None
Yes (15%) 0.1% 1%
Compar. 1 None None None
Yes (25%) None None
Yes (15%) 1% None
Yes (15%) 0.1% 2%
Compar. 2 None None None
Compar. 3 None None None
Compar. 4 None None None
Compar. 3 None None None
Compar. 6 None None None

According to the test results, the bearing of Embodiment 1
of the present mvention showed much longer lubrication
cycle compared to those of Comparative Examples 1 to 6 of
the conventional art. This proves that the bearing of embodi-
ments of the present invention has a wear resistance charac-
teristic more excellent than the conventional bearing. Com-
paring the test results of Embodiment 1 and Comparative
Example 1, 1t could be found that the lubrication cycle of the
bearing of Comparative Example 1, to which the lubricant,
the wear-resistant extreme-pressure additive and the solid
lubricant were added, was shorter than that of the bearing of
Embodiment 1, to which the lubricant, the wear-resistant
extreme pressure additive and the solid lubricant were not
added. Further, in the case of the bearing manufactured 1n
Embodiment 1 of the present invention, it could be found that
the lubrication cycle was very prolonged when the lubricant,

the wear-resistant extreme pressure additive, and the solid
lubricant were added.

Meanwhile, 1t 1s apparent that other component not exem-
plified in the above Embodiment and Comparative Examples
have the effects. For example, synthetic o1l has an effect as the
lubricant, amine phosphate, dithiocarbamate, and sulfur com-
pound have an eflect as wear-resistant extreme-pressure addi-
tive, and graphite has an effect as the solid lubricant.

Test Example 2
Hardness Measurement

Hardness was tested on the bush-type bearings manufac-
tured 1n Embodiment 1 and Comparative Examples 1 to 6. In
the hardness measurement, a typical hardness tester was used.
At this time, the hardness was measured with respect to the
two groups of the Embodiment 1 and Comparative Examples
1 to 6, 1.e. the group, which was subjected to heat treatment at
600° C. before sintered, and the other group, which was not
subjected to heat treatment. The measurement results were
summarized in the following Table 3.

TABLE 3
Hardness without Hardness with
heat treatment heat treatment
before sintered  before sintered Sintering Temperature
Type (Hv) (Hv) (° C.)
Embod. 1 400 550 1100
Compar. 1 250 550 1100
Compar. 2 200 450 1400
Compar. 3 210 440 1400
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TABLE 3-continued
Hardness without Hardness with
heat treatment heat treatment
before sintered  before sintered Sintering Temperature

Type (Hv) (Hv) (° C.)
Compar. 4 210 350 1450
Compar. 3 250 540 1200
Compar. 6 255 500 1200

According to the test results, 1t could be found that the
bearing of an embodiment of the present invention had excel-
lent hardness and excellent load supporting force, and pre-
vented the plastic deformation under high contact pressure.

Thus, the use of the bearing manufactured by the compo-
sition of an embodiment of the present invention can improve
the friction characteristics with the shait made of the Fe-
based material, and prevent the plastic deformation under
high contact pressure by forming high-strength boride 1n the
Fe-based material.

Accordingly, embodiments of the present invention have
been made 1n an effort to solve the problems occurring in the
conventional art. Thus an embodiment of the present mnven-
tion has a wear resistant material, which has low-1iriction,
high-contact-pressure characteristics and does not cause plas-
tic deformation under high contact pressure while represent-
ing low friction characteristics when friction of a bearing and
a shaft occurs, and to manufacture a bush-type bearing using
the wear resistant material, thereby being able not only to
improve wear resistance of the bearing but also increase a
lubrication cycle of the bearing.

Although the present disclosure has been described with
reference to one or more examples, workers skilled 1n the art
will recognize that changes may be made 1n form and detail
without departing from the scope of the disclosure and/or the
appended claims.

The mvention claimed 1s:

1. A bush-type bearing having a body with an inner diam-
cter part, into which a shaft 1s rotatably fitted, the bearing 1s
formed by sintering a composition comprising, on the basis of
the total weight thereof, 0.7 wt % to 10 wt % of nickel (Ni),
0.01 wt % to 0.5 wt % of silicon (S1), 0.005 wt % to 0.4 wt %
of boron (B), 0.01 wt % to 1.0 wt % of carbon (C), 15 wt % to
25 wt % of copper (Cu) and a balance of Fe, wherein the
bearing includes pores within a range from 15 vol % to 25
vol % on the basis of an entire volume thereof, and wherein
the pores are impregnated with a lubricant, which has kine-
matic viscosity within a range from 80 ¢St to 240 ¢St and
viscosity index within a range from 1350 to 280 at 40° C.
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2. The bearing according to claim 1, wherein: 4. A bush-type bearing having a body with an inner diam-
the lubricant comprises at least one wear-resistant extreme- eter part, into which a shaft 1s rotatably fitted, the bearing 1s
pressure additive selected from the group consisting of formed by sintering a composition comprising, on the basis of

zinc dithiophosphate, amine phosphate, dithiocarbam-  the total weight thereof, 0.7 wt % to 10 wt % of nickel (Ni),
ate, sultur compound, phosphorus compound, and boron 5 0.01 wt % to 0.5 wt % of silicon (Si), 0.005 wt % to 0.4 wt %

compound; and o of boron (B), 0.01 wt % to 1.0 wt % of carbon (C), 15 wt % to
the wear-resistant extreme pressure additive 1s added 25 wt % of copper (Cu) and a balance of Fe, wherein
within a range from 0.1 wt % to 1.0 wt % on the basis of the bearing is a sintered compact formed by sintering the
an entire weight of the bearing. composition;
3. The bearing according to claim 1, wherein: 10 the sintered compact includes a plurality of pores, Ni—Fe
the lubricant comprises at least one solid lubricant selected alloy, Fe—Cu alloy, and boride; and
trom the group consisting of graphite, molybdel_lum dis- the boride is formed in an acicular shape, and is grouped
ulfide (MoS,), polytetratluoroethylene (PTFE), and around the pores.

Teflon; and
the solid lubricant 1s added within a range from 0.1 wt % to
2.0 wt % on the basis of an entire weight of the bearing. %k ok k%
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